Although pulmonary rehabilitation has proven effectiveness in multiple outcome areas, the optimum duration of this intervention is not clear. We evaluated in an observational study the trajectory of change in upper and lower extremity exercise performance, exertional dyspnea and health status over the course of 12 weeks (24 sessions) of pulmonary rehabilitation in individuals with chronic obstructive pulmonary disease. Demonstrating a plateau in response in these areas might be of practical use for pulmonary rehabilitation programs. We measured outcomes at baseline and at foursession (two week) intervals over the course ofour comprehensive outpatient pulmonary rehabilitation program. These included treadmill endurance time at approximately 85% of initial maximal workrate, the number of arm lifts per minute, dyspnea at isotime during treadmill walking and the Chronic Respiratory Disease Questionnaire (CRQ) total score. Thirteen patients with chronic obstructure pulmonary disease (COPD) (five male, eight female) were studied; their age was 66 + 8 years and their FEVI was 34 + 1% of predicted. Improvement was noted in all four outcome areas very early in the course of pulmonary rehabilitation. Treadmill endurance time and arm lifts increased significantly over baseline by the fourth and eighth session, respectively, and both increased in a nearlinear fashion throughout pulmonary rehabilitation. Exertional dyspnea and CRQ also improved very early, with each showing a significant change from baseline by the fourth session. Their improvement, however, appeared to plateau relatively early during the course of pulmonary rehabilitation. Although the numbers studied are small and the applicability of these results to other programs is undetermined, this study does suggest that 20 or more sessions are needed for optimal acute changes in exercise performance, but improvement in dyspnea and quality of life may occur earlier. Chronic Disease 2006; 3: 11-18 
Introduction
Pulmonary rehabilitation has proven effectiveness in multiple outcome areas of importance to the patient, including exercise performance, dyspnea and health-related quality of life.1 2 This comprehensive intervention has components of education (including self-management strategies), exercise training, nutritional support and psychosocial intervention, when indicated. Most clinicians believe that all are important in the patient's deriving greatest benefit from pulmonary rehabilitation. However, exercise training has the most scientific support behind it, leading to the assertion by consensus reports that exercise training is a necessary component of pulmonary rehabilitation.
The 'dose' of exercise training in pulmonary rehabilitation reflects its intensity and duration. Both high-intensity and low-intensity approaches have proven effectiveness in pulmonary rehabilitation, although the former clearly produces greater physiologic benefit.4 6 The effect of exercise intensity on overall dyspnea and health status, however, are less clear. 7 Despite the evidence showing greater physiologic gains from higher intensity training, the optimal duration of the exercise training component of pulmonary rehabilitation is unclear. Furthermore, pulmonary rehabilitation is more than just exercise training, incorporating education, self-management strategies, nutritional support and psychosocial intervention into a comprehensive program. Variance from these other aspects of comprehensive pulmonary Outpatient pulmonary rehabilitabon RZ Wallack et al. 12 rehabilitation may further blur the relationship between the exercise training 'dose' and outcome. Finally, the goals of pulmonary rehabilitation include relief of symptoms (especially dyspnea), increased activity in the domiciliary setting, and improvement in quality oflifenot just increased performance on a treadmill or cycle ergometer.
The Global Initiative for Obstructive Lung Disease (GOLD) guidelines recommend a minimum length of two months for an effective pulmonary rehabilitation program. 8 The principal study that supports this recommendation is that of Green et al.,9 who demonstrated that seven weeks (14 sessions) of pulmonary rehabilitation led to greater improvement in exercise performance, dyspnea and quality of life than a condensed four-week version of this intervention. More recently, a sequential study by Rossi et al. 10 demonstrated that 20 sessions (three times per week) of pulmonary rehabilitation led to substantially more improvement in outcome than 10 sessions. In fact, only marginal improvement over baseline was observed at 10 sessions. These studies suggest that more sessions over a longer duration, perhaps somewhere between 10 and 14 sessions over about seven weeks or more, are necessary to demonstrate substantial improvement with pulmonary rehabilitation.
Ideally, the optimal duration of pulmonary rehabilitation for the individual patient should depend on his/ her baseline condition and the documentation of ongoing progress during training." However, pulmonary rehabilitation programs, by practical necessity, usually offer formal interventions of finite length, with durations frequently ranging from six to 12 weeks.6'9"2 17 Some programs last considerably longer.1819 Our study was designed to evaluate the trajectory of change in exercise performance and health status during the course of pulmonary rehabilitation of individuals with chronic obstructive pulmonary disease. First, we sought to determine what might be the number of sessions needed to provide a plateau in anticipated improvement in these areas. This might be of practical use in developing pulmonary rehabilitation programs. Secondly, since it is far from clear that these outcome areas follow the same path, we sought to compare their respective rates of improvement.
Methods
This was a prospective, observational study evaluating the progress of patients with chronic obstructure pulmonary disease (COPD) who were referred to our outpatient pulmonary rehabilitation program. The study was approved by our hospital's Institutional Review Chronic Respiratory Disease Board, and informed consent was obtained from all participants before study entry.
Inclusion/exclusion criteria included: 1) referral to our pulmonary rehabilitation program; 2) a clinical diagnosis of COPD; 3) spirometric proof of COPD, with an FEV,/FVC ratio <0.70 and an FEV, <70% of predicted; 4) the absence of significant comorbidity, defined as that which would substantially interfere with the pulmonary rehabilitative process or would place the patient at undue risk by participating in the exercise training and testing; and 5) the clinical anticipation that the patient would be able to complete 24 sessions. Patients requiring supplemental oxygen were included in the study provided they met the inclusion criteria.
Pulmonary rehabilitation
Pulmonary rehabilitation was given as usual at our institution, with the following exceptions: 1) its duration was extended to 24 sessions over 12 weeks instead of the customary 16 sessions over eight weeks; and 2) outcomes assessments, which are usually performed at the beginning and the end of pulmonary rehabilitation, were changed and done more frequently, as described below. Individual patients entered pulmonary rehabilitation continuously, in a 'rolling admissions' format over time.
Initial assessments for pulmonary rehabilitation included evaluations by the nurse coordinator and medical director, review of medical and physician's office records, spirometry, and incremental cardiopulmonary exercise testing on a treadmill. If spirometry reports within the preceding year were available, spirometry was not performed, and these values were used.
Pulmonary rehabilitation sessions were held twice weekly, on Tuesdays and Thursdays, from approximately 11:30 am to 2:30 pm. Each session included approximately one hour of group education, 45 minutes of relatively low-intensity group classroom calisthenics (which also included light weight training),6 and 30 minutes of higher intensity exercise on a stationary cycle ergometer and a treadmill. Rest periods were given between different forms of exercise training. Educational sessions were provided by a multidisciplinary team, including nurses, a physician, an exercise physiologist and a pharmacist. Educational topics have been described elsewhere.6 A pulmonary rehabilitation nurse directed the classroom calisthenics exercises. The higher intensity training was supervised by an exercise physiologist and a pulmonary rehabilitation nurse, with a goal to have the patient exercise at Outpatient pulmonary rehabilitation RZ Wallack et al. 13
-85% of maximum for as long a duration as possible.
Interval training techniques were utilized, when necessary. Supplemental oxygen was administered, when necessary, to keep oxygen saturation at or above 90%. From the beginning of pulmonary rehabilitation, patients were urged to also exercise at home, with specific recommendations of the type, duration and intensity based on the initial evaluation. Individual counseling and training were also given on an as-needed basis. In the event ofmissed sessions, make-up sessions were held until the patient completed a total of 24 sessions.
Outcome analyses
Outcome variables were measured at baseline (immediately before rehabilitation), and at four-session (approximately two week) intervals during rehabilitation. Thus, providing there were no missed sessions, seven outcome analyses were performed: at baseline and at weeks two, four, six, eight, ten and 12 (at baseline, and after sessions four, eight, 12, 16, 20 and 24). The long-term change following pulmonary rehabilitation was not assessed. The following outcomes were analysed.
Lower extremity exercise treadmill endurance
Before the first treadmill endurance test, maximal workrate was determined using incremental treadmill exercise testing in the pulmonary laboratory. For this, treadmill speed was increased at a rate determined by an exercise physiologist, using his assessment and pulmonary function testing information, with the aim of providing -5-10 minutes of testing before exhaustion. Supplemental oxygen was administered, when needed. Our outcome variable was lower extremity endurance time (in seconds) at a treadmill speed which represented -85% of the maximal workrate from incremental testing. For this testing, a one minute warm up at one mile per hour was given, followed by walking at the target speed until exhaustion. All testing was at zero grade. Supplemental oxygen was administered, when necessary, to keep the oxygen saturation at or above 90%. The initial endurance testing was done in the pulmonary laboratory; subsequent testing was performed in the pulmonary rehabilitation area. The same investigators performed the testing at all sessions.
Treadmill endurance time was chosen over a field test of exercise capacity such as the six minute walk test because ofthe former test's documented responsiveness to pulmonary rehabilitation12 and the latter test's susceptibility to encouragement and practice effect.20
Upper extremity endurance
This was defined as the number of arm lifts in one minute. This test has proven responsive to pulmonary rehabilitation.6 Supplemental oxygen was given, when necessary to keep oxygen saturation at or above 90%. The same investigators performed the testing at all sessions.
Exertional dyspnea
This was measured using a 10-point Borg scale21 at isotime (four minutes) during endurance testing at 85% maximal initial workrate on the treadmill. Four minutes was chosen since virtually all patients completed this amount of time on the treadmill testing. In the five tests (out of 91) where four minutes was not reached, the Borg score at peak exercise was used.
Health-related quality of life This was measured using the self-administered Chronic Respiratory Disease Questionnaire (CRQ). The interviewer administered CRQ,22 which has been demonstrated to detect improvement following pulmonary rehabilitation,23 has four components (dimensions): dyspnea, fatigue, emotion and mastery. A selfadministered form appears to have similar properties as the interviewer-administered instrument.24J5 The total CRQ score was used for our estimation of quality oflife. The minimal clinically importance difference for the CRQ-SR is considered to be 0. 
Results
Sixteen patients initially agreed to participate in the study and gave informed consent. Of these, three did not complete the study: in one case the study was terminated after we discovered the patient could not properly fill out the questionnaires because of his dementia, in another it was terminated because the patient could not walk on a treadmill, and in the third pulmonary rehabilitation was discontinued after about one month because of an exacerbation of COPD. Thirteen patients with COPD completed the 12 weeks of pulmonary rehabilitation and were included in the analysis; their characteristics are given in Table 1 . In general, the group had severe COPD, with an FEV, of 0.85 + 0.28 L. which was 34 + 11% of predicted.
Three patients required supplemental oxygen therapy. The prerehabilitation six minute walk distance, which was not one of the outcome variables we measured during this study, was 290 + 80 m.
The baseline values and changes during rehabilitation for treadmill endurance time at -85% of initial maximum, arm lifts per minute, dyspnea ratings at isotime (four minutes) during treadmill walking, and the CRQ total score are given in Table 2 . The changes over the 24 sessions (12 weeks) in these variables are depicted in Figures 1-4 . Lower extremity endurance, measured as endurance time on the treadmill, increased significantly compared to baseline by the fourth session (after week two), which was the first analysis performed after patients began pulmonary rehabilitation. The increase in endurance time was 123 seconds (P = 0.008); this positive change remained significant at each subsequent analysis throughout the study. The data presented in Table 2 and the visual inspection of Figure 1 suggest that the trajectory of this response was relatively linear upward, although perhaps it may have begun to plateau between sessions 20 and 24. However, gains in endurance compared to previous values were not statistically significant from the 12th session on (P = 0.07 and 0.08 Upper extremity endurance, measured by the number of arm lifts per minute, also increased significantly, but the change was not significant compared to baseline until the eighth session (week four) (P = 0.16 and 0.008 for sessions four and eight, respectively). Following this, the change remained significant compared to baseline for the remainder of the study. The review of Table 2 and Figure 2 suggests that arm lift responses also appeared to increase linearly during the course of rehabilitation, with again what might be a plateau between sessions 20 and 24. Significant improvements compared to previous determinations were noted at sessions 8, 16 and 20 (P = 0.003, 0.0003 and 0.01, respectively). A linear regression analysis relating the number of arm lifts per minute to session demonstrated a 4.74 + 1.97 increase in arm lifts at each four-session analysis point (P < 0.001).
Dyspnea at isotime (minute four) on the treadmill decreased during the study, becoming significant by session four (-0.58 units, P = 0.04), and remained significant compared to baseline for the remainder of the study. Although session-to-session variability was present, significant improvement continued to the eighth session, then appeared to perhaps plateau, as depicted in Table 2 and Figure 3 .
The CRQ total score increased significantly by session 4 (0.55 units/question, P = 0.002) and remained significantly greater than baseline throughout the remainder of pulmonary rehabilitation. From Table 2 and Figure 4 , however, it appeared to plateau after the fourth session, with only one analysis point showing significant change (session 16, P = 0.01) compared to the previous determination. The four dimensions of the CRQ, dyspnea, fatigue, emotion and mastery (not depicted) also tended to follow this pattern. By the fourth session, seven of 13 patients had a 0.5 unit/question or greater increase in the CRQ total score; this remained relatively constant at the next six analyses (8, 7, 9, 8 and 7, respectively).
Discussion
We designed this hypothesis generating, observational study to evaluate the rates of improvement over the course of pulmonary rehabilitation in several outcome areas of importance to the patient, namely exercise performance, dyspnea and health-related quality of life. If a clear plateau in response in these outcomes were observed, it might prove useful in directing programs how many sessions are needed to produce near-maximal improvement in most patients. Both upper and lower extremity exercise endurance clearly improved very early in the course of pulmonary rehabilitation and remained significantly greater than baseline from the first determination after baseline (session 4) on. These outcomes visually appeared to improve steadily in an almost linear fashion until approximately the 20th session, where they may have begun to plateau. However, it should be noted that in many instances, the P values for the changes compared to the previous determination were frequently not statistically significant, possibly because of the small number of patients studied. Exertional dyspnea and health-related quality of life both also improved significantly by the fourth session. Their trajectory, www.CRDjournal.com however, was different in that the improvement plateaued earlier in the course of rehabilitation. Even if a plateau in these two variables was not truly present, most of the gains were clearly made in the first eight sessions. This information suggests that the short-term benefit in exercise performance from a comprehensive pulmonary rehabilitation program requires, on average, at least 20 sessions, but the plateau in improvement in symptoms and health-related quality of life might occur somewhat earlier. This study has several limitations, making it difficult to draw firm conclusions based on the data. First, because the design did not include an untreated control group, we could not determine if there were significant practice effects in the exercise tests. Because of external pacing, the treadmill endurance test should be less influenced by practice effect but, to our knowledge, this has not been evaluated. Secondly, the number of subjects was small; because of this the power of the analyses was clearly limited. Thirdly, our patients studied tended to have more severe airflow limitation (FEV1 34% of predicted) than many pulmonary rehabilitation studies, making it difficult to apply these results to patients with less severe physiologic impairment. Because of this, it might be problematic to assume that our particular intervention is representative of most pulmonary rehabilitation programs. We did, however, incorporate components of education, upper and lower extremity training (including classroom calisthenics and free weight training), and psychosocial support that are recommended in recent pulmonary rehabilitation guidelines.' 1 Fourthly, we analysed outcomes only during the pulmonary rehabilitation program. It is possible that further gains may have been realized in the post-rehabilitation period. Finally, the mere demonstration of short-term benefit does not portend long term gains. There is very limited evidence that longer duration rehabilitation may result in more sustained beneficial effects.29'30 Furthermore, because our outcome analysis stopped with the last session of pulmonary rehabilitation, we do not know if the improvement might have continued even after the formal intervention was stopped.
The rapid improvement in all outcome measures that we observed was impressive. Approximately 50% of the total improvement in treadmill endurance time and 40% of the increase in arm endurance was reached by the eighth session, which followed the fourth week of the program. For quality of life, the initial change was even more striking, with almost 75% of the total gain realized by the fourth session, or following the second week of the program. The mean change in CRQ score of 0.55 units per question at this time period surpasses the clinically meaningful threshold for this questionnaire.26 A rapid improvement in outcome has been observed before, in the inpatient setting. 3' In conclusion, these results demonstrate that the effect of pulmonary rehabilitation on exercise performance, dyspnea and health-related quality of life occur early in the course of comprehensive outpatient pulmonary rehabilitation. The trajectory of improvement in exercise performance appears linear, with maximal short-term gains realized after at least 20 sessions. Dyspnea and quality of life appear to follow a somewhat different trajectory, with a rapid improvement and a relatively early plateau. Since there was no clear plateau in exercise performance out to 12 weeks, our results do not indicate when a discemable maximal result in this area occurs. Furthermore, since we did not test changes in outcome following the completion of formal rehabilitation, we cannot determine how much, if any of these gains, might have occurred after the formal program ended. Our results do lend support to earlier studies9 10 showing better outcomes with longer durations and the GOLD Guidelines that recommend at least eight weeks or rehabilitation.8 A larger study would be helpful to confirm these observations. Finally, it should be emphasized that mean data such as these only give a generalized idea of optimal program length. Ideally, the length of pulmonary rehabilitation should be individualized to the patient, with provision of services for as long as demonstrable benefit occurs.
